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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates technique for in- 
hibiting and permitting a reshift if a reshrft request is pro- 
duced during another shift operation in an automatic 
transmission. 

[0002] A reshift operation responsive to a reshift re- 
quest produced during a first shift operation tends to 
cause shift shock or prolong the process of shift opera- 
tion. 

[0003] Published Japanese Patent Application Kokai 
Publication 8-338516; Published Japanese Patent Ap- 
plication Kokai Publication 8-277925; and Published 
Japanese Patent Application Kokai Publication 2-46352 
show various reshift control systems. 

SUMMARY OF THE INVENTION 

[0004] It is an object of the present invention to pro- 
vide a reshift control apparatus and/or process capable 
of reducing shift shock and improving shift response. 
[0005] According to the present invention, a reshift 
control apparatus for an automatic transmission com- 
prising a friction element group of friction engaging ele- 
ments to be selectively engaged and disengaged to se- 
lect one of gear ratios, comprises a shift controller con- 
figured: to govern a first shift operation to achieve a first 
shift to an after-first-shift gear ratio by setting a first shift 
target engagement pressure to engage a first shift en- 
gagement side element which is one element of the fric- 
tion element group to be engaged for the first shift, and 
a second shift operation to achieve a second shift to an 
after-second-shift gear ratio different from the after-first- 
shift gear ratio by setting a second shift target engage- 
ment pressure to engage a second shift engagement 
side element which is one element of the friction element 
group to be engaged for the second shift and a second 
shift target disengagement pressure to disengage a 
second shift disengagement side element which is one 
element of the friction element group to be disengaged 
for the second shift; to allow a reshift to initiate the sec- 
ond shift operation during the first shift operation initiat- 
ed in response to a first shift command when a reshift 
request for the second shift is produced in a first stage 
of the first shift operation; to make an actual fluid pres- 
sure for the second shift engagement side element after 
the time of the reshift command, equal to the second 
shift target engagement pressure varied with time from 
an intermediate state reached if the second shift oper- 
ation were initiated at the time of the first shift command 
in the case of the second sh ift engagement side element 
being the same as the first shift engagement side ele- 
ment; and to make an actual fluid pressure for the sec- 
ond shift disengagement side element after the time of 
the reshift command, equal to the second shift target 
disengagement pressure varied with time from an inter- 



mediate state reached if the second shift operation were 
initiated at the time of the first shift command. 
[0006] According to the present invention, a reshift 
control system for a vehicle, comprises: an automatic 
5 transmission comprising a gear train and a friction ele- 
ment group to determine a torque path in the gear train, 
to select one of gear ratios; a condition sensor to sense 
an operating condition of the vehicle; and a shift control- 
ler to govern a first shift operation in the automatic trans- 
10 mission from a bef ore-shift gear ratio to an after-first- 
shrft gear ratio, and a second shift operation in the au- 
tomatic transmission from the before-shift gear ratio to 
an after-second-shift gear ratio, to produce a reshift 
command to command the second shift operation dur- 
*5 ing the first shift operation in accordance with the oper- 
ating condition; and to perform a reshift operation in re- 
sponse to the reshift command by terminating the first 
shift operation at an intermediate state without complet- 
ing the first shift operation, and instead initiating the sec- 
20 ond shift operation from an intermediate state. 

[0007] A reshift control process according to the 
present invention, for a vehicle equipped with an auto- 
matic transmission comprising a gear train and a friction 
element group to determine a torque path in the gear 
25 train, to select one of gear ratios, the reshift control proc- 
ess comprising: a step of producing a reshift command 
to command a second shift operation in the automatic 
transmission from a before-shift gear ratio to an after- 
second-shift gear ratio during a first shift operation in 
30 the automatic transmission from the before-shift gear ra- 
tio to an after-first-shift gear ratio in accordance with an 
operating condition of the vehicle; and a step of perform- 
ing a reshift operation in response to the reshift com- 
mand by terminating the first shift operation at an inter- 
as mediate state without completing the first shift opera- 
tion, and instead initiating the second shift operation 
from an intermediate state. 

[0008] A reshift control apparatus according another 
aspect of the invention, comprises a shift controller con - 

*o figured: to produce a reshift request for a reshift to initi- 
ate a second shift operation during a first shift operation; 
and to inhibit the reshift after an end of a loss stroke in 
a friction engagement element to be engaged in the first 
shift operation is detected. 

45 [0009] A reshift control apparatus according to still an- 
other aspect of the invention , comprises a shift controller 
configured: to produce a reshrft request for a reshift to 
initiate a second shift operation during a first shift oper- 
ation; to delay a reshift operation if the reshrft request is 

so produced in a reshift inhibit stage of the first shift oper- 
ation, until an elapse of a delay time from an end of the 
first shift operation; and to decrease the delay time with 
increase in a measured time from the instant of the 
reshift request to the instant of an inertia phase end at 

55 which an effective gear ratio expressed as a transmis- 
sion input and output speed ratio reaches a level of the 
after-first-shift gear ratio. 

[001 0] The otherobjects and features ofthis invention 
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will become understood from the following description 
with reference to the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 is a schematic view showing a reshift 
control system according to a first embodiment of the 
present Invention. 

[001 2] FIG. 2 is a table showing an engagement logic 
of friction engagement elements to select one of gear 
speeds in an automatic transmission shown in FIG. 1 . 
[0013] FIG. 3 is a time chart showing a reshift inhibit 
control operation in a drive upshift with friction elements 
changeover. 

[0014] FIG. 4 is a time chart showing a reshift inhibit 
control operation in a coast downshift with friction ele- 
ments changeover. 

[0015] FIG. 5 is a time chart showing a reshift inhibit 
control operation in a drive downshift with friction ele- 
ments changeover. 

[0016] FIG. 6 is a time chart showing a reshift inhibit 
control operation in a coast upshift with friction elements 
changeover. 

[0017] FIG. 7 is a flow chart showing a reshift control 
program according to the first embodiment. 
[001 8] FIG. 8 is a time chart showing a reshift control 
operation in a first reshift control mode of step 131 in 
the program of FIG. 7. 

[0019] FIG. 9 is a time chart showing a reshift control 
operation in a second reshift control mode of step 132 
in the program of FIG. 7. 

[0020] FIG. 1 0 is a schematic view showing a reshift 
control system according to a second embodiment of 
the present invention. 

[0021] FIG. 11 is a time chart showing a normal 4-3 
shift control operation performed by the reshift control 
system of FIG. 10. 

[0022] FIG. 12 is a time chart showing a 4-2 jump 
reshift control operation performed by the reshift control 
system of FIG. 10 in response to a reshift request pro- 
duced In an early stage of a 4-3 shift operation. 
[0023] FIG. 1 3 is a time chart showing a 4-3-2 down- 
shift control operation performed by the reshift control 
system of FIG. 1 0 as the result of a delayed reshift op- 
eration. 

[0024] FIG. 14 is a diagram showing a characteristic 
of a reshift delay time (length) TA used in the second 
embodiment. 

[0025] FIG. 1 5 is a flow chart showing a first half of a 
reshift control program performed by the control system 
of FIG. 10 to achieve the reshift control operations 
shown in FIGS. 11-13. 

[0026] FIG. 1 6 is a flow chart showing a second half 
of the reshift control program performed by the control 
system of FIG. 10 to achieve the reshift control opera- 
tions shown in FIGS. 11-13. 

[0027] FIG. 1 7 is a time chart showing a reshift control 
operation performed by a reshift control system of an 
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earlier technology. 

DETAILED DESCRIPTION OF THE INVENTION 

s [0028] FIG. 1 shows a shift control system according 
to a first embodiment of the present invention, including 
an engine 1 and an automatic transmission 2. 
[0029] In accordance with driver's depression of an 
accelerator pedal, a throttle valve varies its opening and 
10 thereby regulates the output of engine 1 . Output rotation 
of engine 1 is transmitted through a torque converter 3 
to an input shaft 4 of an automatic transmission 2. 
[0030] In transmission 2, front and rear planetary gear 
sets 6 and 7 are mounted on input and output shafts 4 
is and 5 which are aligned end to end. Front planetary gear 
set 6 is located on a front side closer to engine 1 . Front 
and rear planetary gear sets 6 and 7 are main compo- 
nents of a planetary speed change mechanism of auto- 
matic transmission 2. 
20 [0031] Front planetary gear set 6 is a simple planetary 
gear set including a front sun gear S F , a front ring gear 
R F , front pinions P F engaging with the front sun and ring 
gears, and a front carrier C F supporting front pinions P F 
rotatably. Rear planetary gear set 7 is also a simple plan- 
ts etary gear set including a rear sun gear S R , a rear ring 
gear R R , rear pinions P R engaging with the rear sun and 
rear gears, and a rear carrier C R supporting rear pinions 
PR F rotatably. 

[0032] As friction elements (or devices) to determine 

30 a drive path (or speed) in the planetary gear train, there 
are a low clutch UC, a 2-4 speed brake 2-4/B, a high 
clutch H/C, a low reverse brake LR/B, a low one-way 
clutch L/OWC, and a reverse clutch R/C. 
[0033] The reverse clutch R/C is connected between 

35 front sun gear S F and input shaft 4 to selectively connect 
the front sun gear S F with input shaft 4. The 2-4 brake 
2-4/B is disposed between front sun gear S F and a cas- 
ing to hold front sun gear S F selectively. The high clutch 
H/C is connected between front planet carrier C F and 

40 input shaft 4 for selective connection therebetween. The 
low one-way clutch L/OWC is disposed between front 
planet carrier CF and the casing to prevent reverse ro- 
tation of the front planet carrier C F opposite to the rota- 
tional direction of the engine. The low reverse brake LR/ 

45 B is arranged to hold the front planet carrier C F selec- 
tively. The low clutch UC is connected between front 
planet carrier C F and rear ring gear R R for selective con- 
nection therebetween. Output shaft 5 is connected with 
front ring gear R F and rear planet carrier C R which are 

so connected together. Rear sun gear S R is connected with 
input shaft 4. 

[0034] The thus-constructed planetary gear train can 
provide a first forward speed (1st), a second forward 
speed (2nd), a third forward speed (3rd), a fourth for- 
55 ward speed (4th) and a reverse speed (Rev), by selec- 
tive oil pressure actuation (engagement) shown by solid 
line circles in FIG. 2 of the five friction elements R/C, H/ 
C, L/C, LR/B, and 2-4/B, and self engagement of low 
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one-way dutch L/OWC shown by a slid line circle. A bro- 
ken line circle in FIG. 2 indicates oil pressure actuation 
(or engagement) to effect engine braking. 
[0035] A control valve body 8 includes a hydraulic 
control circuit to achieve the engagement logic shown 5 
in FIG. 2, of the shift control friction elements L/C, 2-4/B, 
H/C, LR/B, and R/C. In addition to manual valve (not 
shown), the control valve body 8 has a line pressure so- 
lenoid 9, a low clutch solenoid 10, a 2-4 speed brake 
solenoid 1 1 , a high clutch solenoid 1 2 and a low reverse 10 
brake solenoid 13. 

[0036] The line pressure solenoid 9 changes the line 
pressure as a source pressure of the shift control be- 
tween high and low levels by its on and off operation. 
The manual valve is operated by the driver among a for- 15 
ward drive range position (D), a reverse range position 
(R), and park and stop range positions (P, N). 
[0037] In D range, the manual valve supplies the 
above-mentioned line pressure as a D range pressure 
to the low clutch solenoid 1 0, the 2-4 brake solenoid 11, 20 
the high clutch soienoid 12 and the low reverse brake 
solenoid 13. Each of the solenoids 10—13 reduces the 
line pressure directed to the corresponding one of the 
low clutch L/C, the 2-4 speed brake 2-4/B, the high 
clutch H/C and the low reverse brake LR/B, in accord- 25 
ance with the solenoid pressure generated by the duty 
control from the above-mentioned D range pressure. 
Thus, the solenoids 10—13 can regulate the operating 
fluid pressures of these friction engagement elements 
individually, and the shift control system can achieve the 30 
engagement logic from first gear to fourth gear shown 
in FIG. 2 by the duty control of solenoids 10—13. 
[0038] In R range, the manual valve delivers the line 
pressure directly to the reverse clutch R/C independent- 
ly from the duty control of the solenoids, and supplies 35 
the pressure regulated from the line pressure as a 
source pressure by the corresponding solenoid to the 
low reverse brake LR/B. Thus, the engagement logic of 
reverse drive is achieved with the reverse clutch R/C 
and low reverse brake LR/B. 40 
[0039] In P and N ranges, the manual valve is in a 
state supplying the line pressure to none of the circuits 
and thereby puts the automatic transmission in a neutral 
position, by disengaging all the friction elements. 
[0040] A transmission controller 14 controls the line 45 
pressure solenoid 9 in the on/off control mode, and con- 
trols the low clutch solenoid 10, 2-4 speed brake sole- 
noid 11, high clutch solenoid 12 and low reverse brake 
solenoid 1 3 in the duty control mode in accordance with 
input information supplied from the following input de- so 
vices. 

[0041] A throttle opening sensor 15 senses a throttle 
opening (degree) of the engine 1. A turbine revolution 
sensor (or input revolution sensor) 16 senses a turbine 
revolution speed Nt which is an output revolution speed 55 
of thetorque converters (i.e., the transmission input rev- 
olution speed). An output revolution sensor 17 senses 
a revolution speed No of the output shaft 5 of the auto- 



matic transmission 2. An inhibitor switch 1 8 senses a 
selected range. 

[0042] Oil pressure switches 19 are disposed in en- 
gagement side friction elements to be engaged in inter- 
change shifts. As shown in FIG. 2, the engagement side 
friction element is the high clutch H/C in the case of 2-3 
shift from 2nd gear speed to 3rd gear speed, the 2-4 
brake 2-4/B in the case of 3-2 shift, the 2-4 brake in the 
case of 3-4 shift, and the low clutch L/C in the case of 
4-3 shift. The signals are supplied from oil pressure 
switches 1 9 to controller 14. In each friction engagement 
element, the pressure switch 1 9 is turned on when the 
fluid pressure reaches a pressure level to end a loss 
stroke and to start to produce an engagement capacity. 
[0043] As a means for sensing an end of a loss stroke 
and a start of build up of an engagement capacity in a 
friction engagement element, it is possible to employ a 
stroke sensor for sensing a piston stroke in the friction 
engagement element, instead of an oil sensor. Alterna- 
tively, it is optional to sense an end of a loss stroke and 
a start of build up of an engagement capacity in a friction 
engagement element, by monitoring the command val- 
ue of the fluid pressure for the friction engagement ele- 
ment or the solenoid drive duty corresponding to the 
command fluid pressure. 

[0044] By performing a control program, the transmis- 
sion controller 14 determines a desired speed for a cur- 
rent driving condition in accordance with the throttle 
opening (degree) TVO and the transmission output 
speed No (that is, the vehicle speed) from a predeter- 
mined control map. Then, the controller 14 examines 
whether the currently selected actual speed is identical 
to the desired speed, if it is not, the controller 14 pro- 
duces a shift command, and effects a shift from the ac- 
tual speed to the desired speed by varying the operating 
fluid pressures to change the engagement states of the 
friction elements according to the engagement logic of 
FIG. 2 by the duty control of the solenoids 10—13. 
[0045] In a so-called interchange shift achieved by 
disengagement of a first friction element and engage- 
ment of a second friction element such as shifts between 
the second speed and the third speed and between the 
third speed and the fourth speed, this control system de- 
creases a command operating fluid pressure Po for the 
first friction element (referred to as disengagement side 
friction element) to disengage the first friction element, 
and increases the operating fluid pressure Pc for the 
second friction element (engagement side friction ele- 
ment) to engage the second friction element as shown 
in FIG. 3 in the case of drive upshift due to a vehicle 
speed increase in a forward driving state, for example. 
[0046] As shown in FIG. 3, the engagement side com- 
mand fluid pressure Pc is first increased to a high pre- 
charge pressure in a first period C1 starting from the in- 
stant t1 of the occurrence of the shift command, like a 
rectangular pulse, to bring a loss stroke of the engage- 
ment side friction element to an end as soon as possible. 
[0047] Then, in a second period C2, the engagement 
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side command fluid pressure Pc is decreasedfrom the 
precharge pressure to a lower pressure level to prevent 
a shock which would be caused at the end of the loss 
stroke if the precharge pressure were continued. Then, 
the engagement side fluid pressure Pc is increased 
gradually at a predetermined rate to prevent shock. 
[0048] Therefore, the loss stroke ends and the en- 
gagement side friction element starts to have an en- 
gagement capacity at an instant t2. At this instant t2, the 
associated oil pressure switch 19 turns on. In the case 
of drive upshift, the output shaft torque first starts to 
change and a torque phase starts at the instant t2 as 
shown by waveform of the transmission output shaft 
torque due to a start of actual engagement of the en- 
gagement side friction element. 

[0049] In a fourth period C4 starting from the end of a 
predetermined time interval Tc from the instant t2 at 
which the oil pressure switch 19 turns on, the engage- 
ment side fluid pressure Pc is increased at a predeter- 
mined rate 6c greater than the rate in the second period 
C2 until the engagement capacity of the engagement 
side friction element is increased to the required capac- 
ity corresponding to the input torque. If, at this time, the 
disengagement side friction element is disengage, an 
interchange from the disengagement side friction ele- 
ment to the engagement side friction element is 
achieved, and the effective gear ratio i expressed as an 
input to output speed ratio Nt/No between the transmis- 
sion input speed and the transmission output speed 
starts to vary from a bef ore-change gear ratio toward an 
after-change gear ratio, so that an inertia phase starts. 
[0050] in a fifth period C5 from the start of the inertia 
phase at t3, the engagement side fluid pressure Pc is 
further increased at a reduced rate until the fluid pres- 
sure reaches a predetermined initial shelf pressure 
adapted to the transmission input torque. In the follow- 
ing sixth period C6, the shelf pressure is set by increas- 
ing the fluid pressure Pc at a more gradual rate Gy. 
[0051] In a seventh period C7 up to an instant t4 at 
which the end of the inertia phase is detected, the en- 
gagement side fluid pressure Pc is once decreased to 
a value lower than the shelf pressure to prevent a shock 
at the end of the inertia phase, and then increased grad- 
ually. In an eighth period C8 from the instant t4, the en- 
gagement side fluid pressure Pc is increased steeply to 
the line pressure. 

[0052] As shown in FIG. 3, the disengagement side 
command fluid pressure Po is first decreased, in a first 
period 01 from the instant t1 of the shift command, like 
a step change to a low pressure to ensure a satisfactory 
disengagement response of the disengagement side 
friction element. Thereafter, the disengagement side 
friction element is decreased at a gradual rate in a sec- 
ond period 02 f ol lowing the first period 01 , and at a more 
gradual rate in a third period 03 following the second 
period 02, until the fluid pressure Po reaches a pre-re- 
lease pressure which a lowest pressure level capable 
of holding the disengagement side friction element in the 
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engaged state without slippage. 
[0053] In a fourth period 04 from the instant t2 at which 
the loss stroke ends in the engagement side friction el- 
ement, the engagement capacity starts, and the asso- 

5 ciated oil pressure switch 19 turns on, to the end of a 
predetermined interval To, the disengagement side fluid 
pressure Po is held at the pre-release pressure. Then, 
the disengagement side command fluid pressure Po is 
decreased at a predetermined decrease rate Go and 

10 thereby the engagement capacity of the disengagement 
friction element is decreased gradually so as to achieve 
a changeover from the disengagement side friction ele- 
ment to the engagement side friction element in a next 
period 05 after the elapse of the predetermined time in- 

15 terval To. 

[0054] After the instant t3 at which the start of the in- 
ertia phase is detected, the controller 14 further de- 
creases the disengagement side command pressure Po 
at a rate smaller than Go of the period 05 in a period 06, 

20 and then at a rate smaller than the rate of period 06 in 
a next period 07. Finally, the disengagement side com- 
mand pressure Po is reduced to the minimum setting of 
zero in a period 08, and held at the minimum setting until 
the inertia phase terminates. 

25 [0055] The transmission controller 1 4 in this embodi- 
ment inhibits the reshift by switching a reshift inhibit flag 
F R , from OFF to ON at an earlier one of the pressure 
switch turn-on instant t2 at which the loss stroke ends 
and the engagement capacity of the engagement side 

30 friction element is increased from zero, and the inertia 
phase start instant t3 at which the effective gear ratio 
starts to vary from a before-change ratio to an after- 
* change ratio. 
[0056] In the case of drive upshift shown in FIG. 3, the 

35 torque phase starts first, and the pressure switch 19 
turns on at the instant t2 in response to the end of the 
loss stroke in the engagement side friction element be- 
fore the start of inertia phase at the instant t3. Therefore, 
the shift inhibit flag F RI is turned from OFF to ON at the 

40 pressure tum-on instant t2 to start the reshift inhibit pe- 
riod. 

[0057] If a reshift command is produced before the 
pressure switch tum-on instant t2 during the process of 
the drive upshift, therefore this shift control system in- 

45 terrupts the shift, and instead starts the reshift to effect 
a jump shift as requested by the driver. If a reshift com- 
mand is produced at or after the pressure switch tum- 
on instant t2 during the process of the drive upshift, the 
shift control system inhibits the reshift, continues the 

so shift currently in progress, and allows the reshift after 
the end of the shift to protect the shift feeling from being 
impaired by the reshift at the middle of the progress of 
the shift. If the reshift is allowed after the instant t2, the 
reshift will be executed after the start of the torque phase 

55 of the shift operation, and torque phase shock will be 
produced twice, causing unpleasant shift feeling or slow 
shift. The inhibition of reshift after instant t2 is effective 
for preventing deterioration of the shift feeling. 
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[0058] In coast downshift caused by a manual down- 
shift operation during coasting drive, the control system 
controls the disengagement side command pressure Po 
and the engagement side command pressure Pc as 
shown in FIG. 4. In this case, too, the torque phase first 
starts at an instant t5 as shown by a characteristic curve 
of the transmission output torque when the loss stroke 
ends in the engagement side friction element, and the 
engagement capacity starts to build up. Thereafter, the 
inertia phase starts at an instant t6 as shown by a char- 
acteristic curve of the effective gear ratio, by disengage- 
ment of the disengagement side friction element. There- 
fore, the transmission controller 14 detects the start of 
the torque phase by tum-on of the associated pressure 
switch 19 at instant t5, and switches reshift inhibit flag 
F RI from OFF to ON to start the inhibit period at instant 
t5. 

[0059] FIG. 5 shows control operations in drive down- 
shift due to driver's depression of the accelerator pedal. 
FIG. 6 shows control operations in coast upshift due to 
release of the accelerator pedal, tn either case, the in- 
ertia phase starts first at t7 in FIG. 5 or t8 in FIG. 6 as 
shown by a characteristic of the effective gear ratio 
when the capacity of the disengagement friction ele- 
ment decreases below the capacity corresponding to 
the input torque with decrease in the disengagement 
side command pressure Po from the instant of shift com- 
mand, and the disengagement side friction element 
starts slipping. Then, the torque phase starts when the 
capacity of the engagement side friction element in- 
creases after the end of the inertia phase, with increase 
in the engagement side command pressure Pc from in- 
stant t1 and the capacity of the disengagement side fric- 
tion element is further decreased. Therefore, controller 
14 detects the start of the inertia phase at which the ef- 
fective gear ratio i starts varying from a bef ore-change 
ratio to an after-change ratio, and switches the reshift 
inhibit flag F R , from OFF to ON at instantt7 or t8 at which 
the start of the inertia phase is detected. 
[0060] Thus, this control system starts the reshift in- 
hibit period at earlier timing between the timing at which 
the capacity buildup is detected with pressure switch 1 9 
in the engagement side friction element, and the timing 
at which the effective gear ratio starts to change and the 
inertia phase starts. In drive upshift (auto upshift) as 
shown in FIG. 3, and coast downshift as shown in FIG. 
4, therefore, the reshift is inhibited when the pressure 
switch 1 9 detects the start of the torque phase. In the 
case of drive downshift (depression downshift) shown 
in FIG. 5 or coast upshift (release upshift) shown in FIG. 
6, the reshift is inhibited upon detection of the start of 
the inertia phase. In either case, this control system can 
allow and inhibit the reshift timely. In a first stage of a 
shift operation before a start of a phenomenon, such as 
an inertia phase or a torque phase, which makes the 
driver aware of the shift operation, the shift control sys- 
tem of this embodiment can permit a reshift since the 
reshift is not problematical in this stage. In a second 



stage after a start of such a phenomenon, shift control 
system can inhibit a reshift. Thus, the shift control sys- 
tem can adequately permit and inhibit a reshift without 
requiring a changeover in a control logic even when 

s shifts of different kinds are involved, without being influ- 
enced by irregularities in start timing of engagement of 
friction engagement elements. Therefore, this control 
system can meet a request for reshift as much as pos- 
sible by preventing premature reshift inhibition, and pre- 

10 vent undesired shift shock by inhibiting a reshift timely. 
The use of oil pressure switches 1 9 for detecting an end 
of a loss stroke and a start of increase in the engage- 
ment capacity is advantageous in the manufacturing 
cost. 

is [0061 ] FIG. 7 shows a reshift control program accord- 
ing to this embodiment of the present invention, which 
the transmission controller 1 4 performs before a tum-on 
of the reshift inhibit flag F RI . 

[0062] Step 121 is a step to recognize a current shift. 

20 in this example, a current shift is denoted as A-*B shift. 
Step 122 checks if an inertia phase has started. Step 
123 checks if a piston stroke has ended in the engage- 
ment side friction engagement element, by checking the 
on/off state of the corresponding oil pressure switch 1 9. 

25 [0063] When the start of the inertia phase is detected 
or when the end of the piston stroke is detected (by tum- 
on of the oil pressure switch 1 9), that is when the reshift 
inhibit flag F R , is in the ON state to inhibit the reshift, the 
program proceeds to step 124 to continue the A-B shift 

30 until the completion of the A-B shift, without regard to a 
reshift command if any. 

[0064] When the inertia phase is not yet started, and 
the piston stroke is not yet ended in the engagement 
side friction engagement element (the oil pressure 

35 switch 1 9 is off), that is when the answers of steps 122 
and 1 23 are both negative, and the reshift inhibit flag F R , 
is in the off state still permitting a reshift, the program 
proceeds to next step 125 to carry out the reshift oper- 
ation in response to a reshift command. 

40 [0065] Step 1 25 determines a desired gear speed (C) 
adapted to the current driving situation in accordance 
with the throttle opening degree TVO and the transmis- 
sion output speed No (the vehicle speed) by using a pre- 
determined shift map, and examines if there is a reshift 

45 request by examining if the desired speed C is identical 
to the after-shift speed B of the A-B shift. If there is no 
reshift request, the A-B shift operation is continued at 
step 124. If there is a reshift request, a step 126 exam- 
ines if the desired speed C is not identical to the before- 

so shift speed A of the A-B shift. 

[0066] If the desired speed C is identical to the speed 
A, the program proceeds to step 1 27 to interrupt the A-B 
shift operation directly and to return the speed to the 
before-shift speed A of the A-B shift. 

55 [0067] If the desired speed C is different from the be- 
fore-shift speed A, then the program proceeds from step 
126 to step 128, and step 128 is executed to change 
over the transmission control from the A-B shift control 
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to the A-C jump shift control according to a reshlft com- 
mand. At a next step 129, the controller 14 reads data 
required for the A-C jump shift from a memory. 
[0068] At step 1 30, the controller 1 4 examines wheth- 
er the engagement side friction element to be engaged 5 
in the A-C jump shift is different from the engagement 
side friction element to be engaged in the A-B shift. 
[0069] When the engagement side friction element in 
the A-C jump shift is the same as the engagement side 
friction element in the A-B shift, and hence the engage- 10 
ment operation of the engagement side friction element 
in the A-B shift is to be continued in the A-C jump shift 
(reshlft), then the controller 14 proceeds to step 131, 
continues the time count operation of the timer TM for 
measuring the elapsed time of the A-B shift without re- *s 
setting, and thereby changes over the shift operation 
from an intermediate state in the A-B shift to an inter- 
mediate state for the A-C jump shift (reshift). 
[0070] FIG. 8 shows a reshift control operation in the 
reshift mode of step 131 . In the example shown in FIG. 20 
8, a 4-3 (A-B) shift command is produced at an instant 
t1 , and a 4-2 (A-C) reshift command is produced at an 
instant t3 before the reshift is inhibited at an instant t4. 
As shown in FIG. 2, the low clutch L/C is the engage- 
ment side friction element for the 4-3 shift, and the 2-4 25 
brake 2-4/B is the disengagement side friction element. 
For the 4-2 shift, the low clutch L/C is the engagement 
side element and the high clutch H/C is the disengage- 
ment side friction element. The low clutch L/C is to be 
engaged both in the 4-3 shift and 4-2 shift. so 
[0071] In this example, the operating fluid pressure 
(low clutch pressure) for low clutch L/C is increased 
along a characteristic command line Pc43 shown in FIG. 
8 if the 4-3 shift is to be completed. If the 4-2 shift is 
started at instant t1 at which the 4-3 shift command is 35 
produced, and continued until the completion of the 4-2 
shift, the low clutch pressure for low clutch L/C is in- 
creased along a characteristic command line Pc42. The 
low clutch pressure Pc43 for the 4-3 shift is set equal to 
a relatively high precharge pressure temporarily for a 40 
predetermined period from instant t1 to instant t2 (meas- 
ured by a timer TM) to bring a loss stroke in the low 
clutch L/C to an end quickly. Thereafter, the low clutch 
pressure Pc43 is increased with time in a manner of time 
series. Similarly, the low clutch pressure Pc42 for the 45 
4-2 shift is set equal to the high precharge pressure tem- 
porarily for the predetermined period from instant t1 to 
instant t2 to bring a loss stroke to an end quickly. There- 
after, the low clutch pressure Pc42 is increased with time 
in a manner of time series. 50 
[0072] The 2-4 brake pressure for the 2-4 brake 2-4/B 
to be disengaged in the 4-3 shift is decreased along a 
characteristic command line Po43 shown in FIG. 8 if the 
4-3 shift is to be completed. The high clutch pressure 
for the high clutch H/C to be disengaged in the 4-2 shift ss 
is decreased along a characteristic command line Po42 
shown in FIG. 8 if the 4-2 shift is started at the 4-3 shift 
command instant t1 and continued until the completion. 
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The 2-4 brake pressure Po43 for completing the 4-3 shift 
Is decreased like a step change at t1 and held for the 
period from t1 to t2 to avoid a delay in disengagement 
of the 2-4 brake 2-4/B. Thereafter, the 2-4 brake pres- 
sure Po43 is decreased with time in a manner of time 
series. Similarly, the high clutch pressure Po42 for com- 
pleting the 4-2 shift is decreased like a step change at 
t1 and held for the period from t1 to t2 to avoid a delay 
in disengagement of the high clutch H/C. Thereafter, the 
high clutch pressure Po42 is decreased with time in a 
manner of time series. 

[0073] Therefore, the (re)shift control system can start 
the 4-3 shift operation at t1 and complete the 4-3 shift 
operation by increasing the low clutch pressure Pc43 to 
engage the low clutch L/C, and decreasing the 2-4 brake 
pressure Po43 to disengage the 2-4 brake 2-4/B. The 
shift control system can start the 4-2 shift operation at 
t1 and complete the 4-2 shift operation by increasing the 
low clutch pressure Pc42 to engage the low clutch L/C, 
and decreasing the high clutch pressure PHC to disen- 
gage the high clutch H/C. 

[0074] During the period from the 4-3 shift command 
instant t1 to the reshift command instant t3, the low 
clutch pressure is increased along the characteristic line 
Pc43 for the 4-3 shift operation as shown by Pc in FIG. 
8, and the 2-4 brake pressure P 2 4b for the 2-4 brake 
2-4/B is decreased along the characteristic line Po43 
since there is no reshift command in this period. 
[0075] On or after the 4-2 reshift command instant t3, 
the shift control system responds to the 4-2 reshift com- 
mand by supplying the oil pressure equal to the low 
clutch pressure Pc42 for completing the 4-2 shift, to the 
low clutch L/C as shown by the line Pc in FIG. 8, and 
decreasing the fluid pressure P HC for the high clutch H/ 
C to be disengaged in the 4-2 shift, along the high clutch 
pressure Po^ for completing the 4-2 shift. In the second 
speed after the 4-2 shift, the 2-4 brake 2-4/B is held en- 
gaged, so that the fluid pressure P24B for the 2-4 brake 
is held at a maximum setting of line pressure on or after 
the 4-2 reshift command instant t3. 
[0076] This reshift control system interrupts the shift 
operation to 3rd speed at resift command instant t3, and 
starts the 4-2 shift operation as commanded by the 
reshift command. On or after the reshift command in- 
stant t3, the pressure Pc for the engagement side friction 
element (low clutch L/C) is increased along the charac- 
teristic line P^ whose start point is set at the 4-3 shift 
command instant t1 . On or after the reshift command 
instant t3, the fluid pressure for the high clutch H/C to 
be disengaged in the 4-2 reshlft is decreased along the 
characteristic line Po42 whose start point is set at the 
4-3 shift command instant t1 . Therefore, this shift control 
system can provide a reshift control performance adapt- 
ed to the timing of the reshift command instant t3, and 
achieve both of the reduction of shift shock and the im- 
provement in shift response in a manner as If the 4-2 
jump shift were initiated at the command instant t1 of 
the 4-3 shift. This shift control system can produce these 
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effects without the need for new setting of control mode 
or addition of new data map, so that this control system 
is advantageous in manufacturing cost. 
[0077] In this reshift control mode of step 1 31 , the shift 
control system starts the 4-2 jump shift from an interme- 
diate state determined by an elapsed time from the 4-3 
shift command instant t1 to the reshift command instant 
t3 according to the characteristic line Pc 42 shown in FIG. 
8 as if the 4-2 jump shift were initiated at the 4-3 shift 
command instant t1 . Therefore, this reshift control mode 
of step 131 can reduce the time from the reshift com- 
mand to the end of the reshift operation. Though the 
driver may feel that the reshift is performed for a period 
from t1 to the end of the reshift command, this shift con- 
trol system can avoid slow shift feeling, and feeling of 
insufficient acceleration and insufficient engine braking. 
[0078] In FIG. 8, there is a significant difference be- 
tween the low clutch pressure PC43 for the 4-3 shift up 
to the 4-2 reshift command instant t3, and the low clutch 
pressure PC42 for the 4-2 shift. However, this differ- 
ence, is exaggerated in FIG. 8 for facilitating under- 
standing. These two pressures are both for causing a 
loss stroke in the same low clutch L/C, so that the dif- 
ference is not so increased in reality. Moreover, the low 
clutch pressure is still in the level to causing the piston 
stroke, and hence the capacity of the low clutch L/C is 
still null (the reshift would be inhibited with the turn-on 
of the oil pressure switch 19 if the capacity were in- 
creased from zero.). Therefore, the above T mentioned 
change in the low clutch pressure L/C from the level of 
the P^ to the level of is not causative of shift 
shock. 

[0079] The disengagement side elements are 
changed abruptly and the fluid pressures on the disen- 
gagement side are changed like a step change. Howev- 
er, in this stage where a reshift is permitted, the disen- 
gagement side friction element does not participate in 
variation in the output shaft torque and variation in the 
input revolution speed due to shift (the participation of 
the disengagement side friction element in the torque 
phase does not start in this stage, and the slippage in 
the disengagement side friction element does not start 
yet in the stage before a start of the inertia phase). 
Therefore, this does not cause a shift shock. 
[0080] When the (second) engagement side friction 
element to be engaged for the A-C jump shift is not the 
same as the (first) engagement side friction element to 
be engaged for the A-B shift, then the controller 14 pro- 
ceeds from step 130 to step 132 to disengage the first 
engagement side element and instead engage the sec- 
ond engagement side friction element in a second 
reshift control mode. At step 132, controller 14 resets 
the timer TM in operation to measure the elapsed time 
in the A-B shift, to zero at the time t3 of the reshift com- 
mand, and thereby counts the elapsed time from the A-C 
reshift command instant t3 with the timer TM. By using 
the measured time by the timer TM from instant t3, the 
shift control system initiates the A-C jump shift (reshift) 



operation from scratch without regard to the progress of 
the A-B shift. 

[0081] FIG. 9 shows a reshift control operation in step 
1 32. In this example, the A-B shift command is produced 

5 at instant t1 , and the timer TM is reset to zero in re- 
sponse to the A-C reshift command produced at instant 
t3 prior to the reshift inhibit instant t4. 
[0082] The fluid pressure for the first engagement 
side friction element to be engaged in the A-B shift is 

10 controlled along a characteristic line P C iab wnen * ne 
A-B shift is continued until completion. The fluid pres- 
sure for the disengagement side friction element to be 
disengaged in the A-B shift is controlled along a char- 
acteristic line PO AB shown in FIG. 9 if the A-B shift is 

15 continued until completion. The shift control system can 
start the A-B shift operation at an instant t1 in FIG. 9 and 
complete the A-B shift by increasing the engagement 
side fluid pressure P C1AB to engage the first engage- 
ment friction element and decreasing the disengage- 

20 ment side fluid pressure PO^ to disengage the disen- 
gagement side friction element. 

[0083] During the period from the A-B shift command 
instant t1 to the reshift command instant t3 in FIG. 9, the 
fluid pressure P C1 for the first engagement side to be 

25 engaged for the A-B shift is increased along the char- 
acteristic line Pciab for the A-B shift. The fluid pressure 
Po for the disengagement side friction element to be dis- 
engaged in the A-B shift is decreased along the charac- 
teristic line POfyQ for the A-B shift. 

30 [0084] On or after the A-C reshift command instant t3, 
the shift control system responds to the A-C reshift com- 
mand by increasing the fluid pressure P C2 for the sec- 
ond engagement element to be engaged in the A-C shift 
in a predetermined pattern in accordance with the 

35 elapsed time measured by the timer TM from the reshift 
command instant t3. Instead, the shift control system re- 
duces the fluid pressure P C1 for the first engagement 
element engaged halfway, to minimum setting, and 
thereby disengages the first engagement side element. 
[0085] When the disengagement side element to be 
disengaged in the A-C shift is the same as the disen- 
gagement side element to be disengaged in the A-B 
shift, then the shift control system can complete the A-C 
shift by decreasing the fluid pressure for that element 

45 along the characteristic line PO AC from instant t3. 
Therefore, the disengagement side fluid pressure Po is 
decreased along the line PO A c from instant t3 in accord- 
ance with the elapsed time measured by the timer TM 
in a manner of time series. 

so [0086] When the disengagement side element to be 
disengaged in the A-C shift is not the same as the dis- 
engagement side element to be disengaged in the A-B 
shift, the shift control system can achieve the A-C reshift 
by decreasing the disengagement side fluid pressure 

55 from the reshift command instant t3 along the line PO AC . 
[0087] In the second reshift control mode, the shift 
control system can achieve the reshift inadequate to the 
first reshift control mode of step 131 , by performing the 



8 



EP1 188 961 A2 



engagement operation of the engagement side element 
for the A-C shift and the disengagement operation of the 
disengagement side element for the A-C shift from the 
respective initial states, so that 

[0088] FIG. 10 shows a shift (or reshift) control system 
according to a second embodiment of the present in- 
vention. The system shown in FIG. 1 0 is almost identical 
in construction and operation, to the system of FIG. 1. 
The system of FIG. 10 provides various speeds in the 
same manner as shown in FIG. 2 of the first embodi- 
ment. 

[0089] In D range, transmission controller 14 shown 
in FIG. 10 determines a desired gear speed GP N (shown 
in FIGS. 11-13) desired for the current driving condi- 
tions in accordance with throttle opening (degree) TVO 
and transmission output speed No (vehicle speed) ac- 
cording to a predetermined shift map by performing a 
control program. 

[0090] Then, controller 14 determines whether to per- 
mit a shift request to the desired speed GP N . In the case 
of permission, controller 1 4 changes a command speed 
GPs (shown in FIGS. 1 1 —1 3) to the most recent desired 
speed GPN as requested. The transmission controller 
14 further examines whether a current speed GPc 
(shown in FIGS. 11-13) currently being selected is 
identical to the command speed GPs. When they are 
not the same, the controller 14 produces a shift com- 
mand for a shift to the command speed GPs (desired 
speed GP N ) to initiate a corresponding shift operation 
according to the logic table as shown in FIG. 2 by duty 
control of solenoids 10-13 as in the first embodiment. 
[0091] FIG. 11 shows, as an example, 4-3 downshift 
operation. In this example, the desired speed GP N is 
changed from 4th speed to 3rd speed at an instant t1 in 
response to a change in the throttle opening TVO as 
shown In FIG. 1 1 . Thereafter, the desired speed GPN is 
held at 3rd speed without a reshift request. 
[0092] The change in the desired speed GP N at t1 is 
not a reshift request during a shift operation. Therefore, 
the command speed GPs is changed immediately from 
4th speed to 3rd speed, and hence the 4-3 downshift 
operation is initiated at instant 11 in response to a dis- 
crepancy between the command speed GPs and cur- 
rent speed GPc (4th speed). 

[0093] This 4-3 downshift requires disengagement of 
2-4 brake 2-4/B and engagement of low clutch L/C as 
shown in FIG. 2. Therefore, the shift control system de- 
creases the 2-4 brake pressure P 24B for 2-4 brake 2-4/B 
and increases the low clutch pressure P LC for low clutch 
UC as shown in FIG. 11 , in this example. As the disen- 
gagement of 2-4 brake 2-4/B and the engagement of 
low clutch L/C proceed, the effective gear ratio i (Nt/No) 
is varied from a before-shift gear ratio (4th speed gear 
ratio) to an after-shift gear ratio (3rd speed gear ratio) 
during a period from t2 to t3 as shown in FIG. 11 . This 
period in the shift operation is an inertia phase. In this 
example, the shift control system sets a reshift inhibit 
flag F R , to ON to start reshift inhibition at an instant t2 



at which the inertia phase starts, that is the effective gear 
ratio i starts to vary toward the after-shift ratio. At the 
inertia phase end instant t3 at which the effective gear 
ratio reaches the after-shift gear ratio (or enters a pre- 
s determined region including the after-shift ratio), the 
transmission controller 24 sets an inertia phase end flag 
F tE to ON. 

[0094] Timer TM2 measures an elapsed time from the 
inertia phase end instant t3. At an instant t4 at which the 

10 measured time of timer TM2 reaches a predetermined 
after-inertia-phase process time T B , the shift control 
system of this example judges that the shift is ended 
and sets the current speed GPc equal to 3rd speed. 
[0095] Timer TM2 further measures the elapsed time 

15 from the shift end instant t4. At an end t5 of a predeter- 
mined time T A from the shift end instant t4, the shift con- 
trol system resets the reshift inhibit flag F R , to OFF to 
cancel the reshift inhibition, and to permit a reshift op- 
eration. 

20 [0096] The time T A is a variable varied in dependence 
on a measured time of timer TM1 as shown in FIG. 14. 
A value of maximum setting of the time T A (a value of 
T A obtained when the measured time of timer TM1 is 
close to zero as shown in FIG. 14) is set equal to an 

25 amount of time required to attain a settled state capable 
of controlling fluid pressures for a next shift after a pres- 
sure regulating system of the shift control system is held 
stable enough to hold the state of the after-shift gear 
ratio. 

30 [0097] FIG. 12 shows, as an example, a 4-2 reshift 
operation. In this example, the desired speed GP N is 
changed from 4th speed to 3rd speed at an instant t1 in 
response to a change in the throttle opening TVO as 
shown in FIG. 11 . Then, during the shift operation inrti- 

35 ated by this change, the desired speed GP N is further 
changed from 3rd speed to 2nd speed at an instant t6 
and a reshift request is produced accordingly. 
[0098] In response to the change of the desired speed 
GPN at instant t1 , the command speed GPs is changed 

40 immediately from 4th speed to 3rd speed, and a 4-3 
downshift operation is started at instant t1 in the same 
manner as in the example of FIG. 11 . In the example of 
FIG. 12, the reshift request is produced in response to 
the change in the desired speed at instant t6 before a 

45 start of an inertia phase, that is, before a tum-on of the 
reshift inhibit flag F RI . Therefore, the reshift operation is 
permitted, without waiting until an end of the 4-3 down- 
shift operation, in the following manner. 
[0099] The shift control system changes the com- 

50 mand speed GPs from 3rd speed to 2nd speed imme- 
diately at the reshift request instant t6, and starts the 4-2 
jump downshift operation instead of the 4-3 downshift, 
in response to a discrepancy between the command 
speed GPs and the current speed GPc (4th). The shift 

55 control system performs the 4-2 shift operation by in- 
creasing the low clutch pressure P LC continuously to 
continue the engagement operation of the low clutch U 
C, by increasing the 2-4 brake pressure again to" return 
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the 2-4 brake 2-4/B to the engaged state, and by de- 
creasing the high clutch pressure P HC to bring the high 
clutch H/C from the engaged state to the disengaged 
state. By the 4-2 jump shift operation, the effective gear 
ratio i is varied during a period from instant t2 to instant 
t3, from the before-shift ratio (4th speed gear ratio) to 
the after-shift ratio (2nd speed gear ratio). The inertia 
phase inhibit flag F R , is set ON at instant t2 when the 
inertia phase is started, and the inertia phase end flag 
F IE is set ON at instant t3 when the inertia phase is end- 
ed. 

[0100] Timer TM2 measures the elapsed time from 
the end t3 of the inertia phase, and the current speed 
GPc is changed to 2nd speed at the end t4 of the shift 
operation when the measured time of timer TM2 reach- 
es the after-inertia-phase process time T B . At the end 
t5 of the time length T A from instant t4, the shift control 
system resets the reshift inhibit flag to OFF and thereby 
terminates the reshift inhibit period, to permit a reshift 
on or after instant t5. 

[0101] FIG. 13 shows a delayed reshift operation. In 
this example, the desired speed GP N is changed from 
4th speed to 3rd speed at an instant t1 . At an instant t7 
during the shift operation responsive to this changed in 
the desired speed GP N( the desired speed GPN is fur- 
ther changed from 3rd speed to 2nd speed and a reshift 
request is produced. 

[0102] The 4-3 downshift operation is started imme- 
diately at instant t1 in the same manner as in the pre- 
ceding example of FIG. 11. The inertia phase starts at 
instant t2, and ends at instant t3. The' inertia phase in- 
hibit flag F R] is set to ON at instant t2 when the inertia 
phase starts. The inertia phase end flag F, E is set to ON 
at instant t3 when the inertia phase ends. 
[0103] At instant t7 after the inertia phase is started 
at t2 and the reshift inhibit flag F R , is set to inhibit a 
reshift, a reshift request is produced by a change in the 
desired speed G PN from 3rd speed to 2nd speed. There- 
fore, this shift control system inhibits (or delays) the 
reshift operation and initiates the. reshift operation after 
the end of the original shift operation. The control sys- 
tem holds the command speed GPs at 3rd speed with- 
out rewriting the command speed to 2nd speed at the 
reshift request instant t7, and thereby continues the 4-3 
downshift operation responsive to the discrepancy be- 
tween the command speed (3rd speed) and the current 
speed GPc (4th speed). 

[0104] When a reshift request is produced after the 
setting of the reshift inhibit flag F Rl (after the start of the 
inertia phase, that is), the timer TM1 measures a time 
from the reshift request instant t7 to the end t3 of the 
inertia phase, and determines the time T A for reshift de- 
lay in accordance with the measured time of timer TM1 . 
The earlier the reshift request timing is, the longer the 
measured time of timer TM1 is. The time T A is de- 
creased as the measured time from the instant t7 of the 
reshift request to the instant t3 of the end of the inertia 
phase is becomes longer. That is, the time T A is make 



shorter as the timing of a reshift request is earlier. In this 
example, the time T A is made negative when the timing 
of the reshift request instant t7 is extremely earlier or 
when the reshift request is produced immediately after 

5 the start of the inertia phase. 

[01 05] The length of the reshift delay time T A is related 
to the magnitude of a shift shock, as shown in FIG. 14. 
By increasing the reshift delay time, it is possible to re- 
duce a shift shock though a reshift response delay is 

io increased. When, on the other hand, the reshift delay 
time is shorter, the shift shock tends to increase though 
the reshift response delay is not increased so much. 
Therefore, the map shown in FIG. 14 to determine the 
reshift delay time T A in accordance with the measured 

is time of the timer TM1 (or the timing of reshift request) is 
determined in accordance with a driver's demand for a 
reshift response delay, and reduction in shift shock at 
each level of the reshift request timing. 
[0106] In the case of FIG. 13, as in the examples of 

20 FIG. 1 1 and FIG. 1 2, the shift control system resets the 
reshift inhibit flag F RI to OFF and thereby cancels the 
reshift inhibition at an instant t8 when the sum of the 
after-inertia phase process time TB and the reshift delay 
time TA has elapsed from the end t3 of the inertia phase. 

25 At the same time, the shift control system sets the cur- 
rent speed GPc to 3rd speed in response to the end of 
the shift operation. 

[0107] In response to the operation to cancel the 
reshift inhibition at instant t8 (F RI =OFF), the command 

30 speed GPs is changed from 3rd speed to 2nd speed as 
requested by the desired speed GP N , and the shift con- 
trol system performs a reshift operation (3-2 downshift) 
in response to a discrepancy between the command 
speed GPs (2nd speed) and the current speed GPc (3rd 

35 speed). 

[0108] The reshift (3-2 downshift) operation is per- 
formed by increasing the 2-4 brake pressure P 24B again 
to engage the 2-4 brake 2-4/B again while holding the 
low clutch L/C in the engaged state by holding the low 

40 clutch pressure P^, and decreasing the high clutch 
pressure P^ to disengage high clutch H/C. In the proc- 
ess of the reshift (3-2 downshift), the effective gear ratio 
i varies from the 3rd speed ratio to 2nd speed ratio and 
the current speed GPc is switched to 2nd speed when 

45 a time of the after-inertia-phase process time TB has 
elapsed from the inertia phase end instant. 
[0109] When another (3-2) shift request (reshift re- 
quest) is produced after the start t2 of the inertia phase, 
the shift control system inhibits the 3-2 reshift operation 

so until the instant t8, and starts the 3-2 reshift operation 
at the instant t8 retarded from the inertia phase end in- 
stant t3 by the sum of the after-inertia-phase process 
time T B and the reshift delay time T A . This retardation 
causes a reshift response delay. However, the shift con- 

55 trol system can prevent a shift shock which would be 
caused if a reshift operation were started during an orig- 
inal shift operation. This shift control system can further 
prevent shift shock due to the instability in the pressure 
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regulating system immediately after the end of the iner- 
tia phase. 

[0110] In the second embodiment, as shown in FIG. 
14, the reshift delay time T A is decreased as the time 
length (measured by timer TM1) from instant t7 of the 
reshift request, to the end t3 of the inertia phase be- 
comes longer. Thus, this shift control system adjusts the 
reshift delay time T A in accordance with the timing of the 
reshift request, and makes the reshift delay time T A 
shorter as the timing of a reshift request is earlier. 
[0111] Thus, a reshift operation is started earlier If a 
reshift request is produced earlier, so as to meet a driv- 
er's expectation for earlier reshift operation. If a reshift 
request is produced in a relatively late stage of the shift 
operation, the reshift operation is started at a latertiming 
so as to meet the driver's demand for less shock rather 
than earlier reshift operation. 

[0112] In this embodiment, the shift control system 
starts the reshift operation immediately if a reshift re- 
quest is produced before a start of an inertia phase. 
Therefore, it is possible to set the starting timing of the 
reshift delay time adequately so as to avoid useless de- 
lay and prevent deterioration in the drive feeling due to 
delay in reshift control. 

[0113] The reshift delay time T A is made negative 
when the time (the measured time of timer TM1) from 
instant t7 of the reshift request to the end t3 of the inertia 
phase is in a predetermined long region as shown in 
FIG. 14. In this case, the reshift operation is permitted 
at instant t8 (shown in FIG. 1 3) before the end t4 (shown 
in FIG. 11 or 12) of the shift operation after the end t3 of 
the inertia phase. Thus, if a reshift request is produced 
at instant t7 immediately or shortly after the start of the 
inertia phase, the shift control system can start the 
reshift operation in an unsettled period after the end of 
the inertia phase in which the pressure regulating sys- 
tem is still unstable and there is a possibility of shift 
shock, without wafting for an end of the shift operation 
(at t4 in FIG. 11 or 12), so that the system can respond 
to the driver's demand quickly. 

[01 1 4] With the after-inertia-phase process time T B , it 
is possible to defer the timing to declare the end of the 
shift operation adequately until, for example, the en- 
gagement side command fluid pressure becomes equal 
to a maximum value indicating the completion of the en- 
gagement, and the disengagement side command fluid 
pressure becomes equal to a minimum value indicating 
the completion of the disengagement after the end of 
the inertia phase. Therefore, this shift control system 
can delay the reshift operation reliably until the stable 
state is reached, and thereby permit the reshift opera- 
tion at timing to reduce the tendency to shift shock. 
[01 1 5] The reshift control is performed according to a 
program shown in FIGS. 15 and 1 6 executed at regular 
time intervals of a predetermined time length AT. 
[0116] Step 321 is a step to determine the desired 
speed suitable to the current driving situation in accord- 
ance with throttle opening TVO and vehicle speed VSP 



by using a predetermined shift map. 
[0117] Step 322 examines whether the reshift inhibit 
flag F R | is OFF (the state permitting a reshift operation) 
or not. In the reshift permitting (OFF) state, step 323 sets 

5 the command speed GPs to the desired speed GP N . In 
the case of the reshift inhibit state (ON), step 323 is 
skipped to hold the command speed GPs unchanged. 
[01 1 8] Step 324 compares the thus-determined com- 
mand speed GPs with the current speed GPc. If they 

10 are not the same, step 325 produces a shift command 
from the current speed GPc to the command speed GPs 
and thereby carries out the shift operation. When the 
command speed GPs is the same as the current speed 
GPc, then step 326 makes a judgment of the end of the 

15 shift control (that the instant t4 in FIG. 11 or 12 is 
reached), and step 327 examines whether the reshift in- 
hibit flag F R , is ON. When the reshift inhibit flag F R , is 
ON (in the reshift inhibiting state), step 328 measures 
the elapsed time from instant t4 by increment the timer 

20 TM2. Step 329 examines whether the elapsed time 
measured by timer TM2 is equal to or greater than the 
reshift delay time T A . When the elapsed time has 
reached the reshift delay time T A (the instant t5 is 
reached), step 330 resets the reshift inhibit flag F R , to 

25 OFF to permit the reshift. After the reshift inhibit flag FRI 
is reset to OFF, steps 28—30 are skipped, and the pro- 
gram proceeds from step 327 to step 331 . 
[0119] Step 331 of FIG. 16 is reached after step 325, 
330, 327 or 32 (in the case of NO). Step 331 checks 

30 whether there exists a shift command of step 325. When 
there is no shift command, the program terminates the 
control execution. When there is a shift command, step 
332 performs the shift control in a normal mode, and 
step 333 examines whether the reshift inhibit condition 

35 is satisfied, that is, whether the inertia phase is started 
in the case of FIGS. 11—13. In some cases, the reshift 
inhibit condition is met when the torque phase is started 
[0120] When the reshift inhibit condition is satisfied, 
and the answer of step 333 is affirmative, step 334 sets 

40 the reshift inhibit flag F R , to ON to start the reshift inhi- 
bition period. Then, step 335 examines whether the de- 
sired speed GP N is different from the command speed 
GPs to determine whether a reshift request is produced 
during the reshift inhibition period. If ft is, step 326 incre- 

45 ments the timer TM1 (by addition of AT) to measure the 
elapsed time from this reshift request, and then transfers 
the control to next step 337. 

[0121] When step 333 concludes that the reshift in- 
hibit condition is not satisfied, or when step 335 con- 

so eludes that there is no reshift request, steps 334 and 
336 are skipped, and step 348 resets the timer TM1 to 
zero, and then transfers the control to step 337. 
[0122] Step 337 examines whether the inertia phase 
has come to an end by examining whether the effective 

55 gear ratio i (Nt/No) has reached the after-shift gear ratio. 
When the inertia phase is not yet ended, then the control 
is terminated directly. When the inertia phase is ended, 
step 338 determines the reshift delay time T A in accord- 
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ance with the time measured by the timer TM1 by using 
the map as shown in FIG. 14. Next step 339 reads the 
after-inertia-phase process time T Bl and step 340 meas- 
ures the elapsed time from the end of the inertia phase 
by incrementing the timer TM2. 
[0123] Step 341 examines whether the time meas- 
ured by the timer TM2 is equal to or greater than the 
sum of the after-inertia-phase process time T B and the 
reshift delay time T A . If the measured time of timer TM2 
is smaller than the sum, step 342 examines whether the 
measured time of timer TM2 (the elapsed time from the 
end of the inertia phase) is equal to or greater the after- 
inertia-phase process time T B . If the measured time of 
timer TM2 is smaller than T B , then the control is termi- 
nated directly. When the measured time of timer TM2 
becomes equal to or greater than T B , step 343 makes 
judgment that the shift control is ended. Then, step 344 
sets the current speed GPc equal to the desired speed 
GP N . 

[0124] When the measured time of timer TM2 be- 
comes equal to or greater than the sum of the after-in- 
ertia-phase process time T B and the reshift delay time 
T A , step 345 makes judgment that the shift control is 
ended. Then, , step 346 sets the current speed GPc 
equal to the desired speed GP N . Step 347 resets the 
reshift inhibit flag F R , to the reshift permitting OFF state. 
[0125] In the shift control process shown in FIGS. 15 
and 16, a 4-3 downshift operation is performed in the 
normal manner when no reshift request is produced as 
shown in FIG. 11. When a reshift request is produced 
before a start of an inertia phase, a 4-2 jump downshift 
operation is carried out without delay as shown in FIG. 
12. If a 3-2 reshift request is produced after the start of 
the inertia phase in the 4-3 downshift operation, the 
reshift operation is deferred as shown in FIG. 13. 
[0126] FIG. 17 show a reshift control operation in an 
earlier technology. In this example, a 3-2 reshift request 
is produced at an instant t3 during an inertia phase, and 
this reshift control system holds the speed at 3rd by in- 
hibiting a reshift operation during a reshift inhibit period 
of a length To from the end t4 of the inertia phase, and 
initiates the reshift operation at the end of the reshift in- 
hibit period of To. The time length To is a delay time for 
delaying a reshift operation. In the examples of FIG. 1 7, 
the delay time To is constant, and this reshift control sys- 
tem can not prevent a shift shock as shown by broken 
line in FIG. 17. 

[0127] In the preceding embodiments, the automatic 
transmission is a direct acting type automatic transmis- 
sion capable of controlling the operating fluid pressures 
to the friction engagement elements directly and individ- 
ually with solenoids. However, the present invention is 
also applicable to automatic transmissions of various 
other types. 

[0128] This application is based on prior Japanese 
Patent Applications Nos. 2000-282333 filed September 
18, 2000; 2000-282325 filed on September 18, 2000; 
and 2000-282339 filed on September 1 8, 2000. The en- 



tire contents of these Japanese Patent Applications are 
hereby incorporated by reference. 
[0129] Although the invention has been described 
above by reference to certain embodiments of the in- 

5 vention, the invention is not limited to the embodiments 
described above. Modifications and variations of the 
embodiments described above will occur to those skilled 
in the art in light of the above teachings. The scope of 
the invention is defined with reference to the following 

10 claims. 



Claims 

*5 1 . a reshift control apparatus for an automatic trans- 
mission comprising a plurality of friction elements 
arranged to be selectively engaged and disen- 
gaged to select one of gear ratios, and to perform 
a shift to another gear ratio by changeover of friction 

20 elements to be engaged, the reshift control appara- 
tus comprising a shift controller so configured: 

that the shift controller permits a reshift when 
another shift request is produced at a time dur- 

25 ing said shift; 

that, in the case of a reshift in which an engage- 
ment side friction element in process of en- 
gagement in said shift is to be engaged contin- 
uously in said reshift, the shift controller makes 

30 an operating oil pressure for said engagement 

side friction element after a reshift command, 
equal to a value of an oil pressure to be given 
in a manner of time series if a jump shift to a 
gear ratio reached by said reshift is initiated si- 

35 multaneousiy with a command for said shift; 

and 

that the shift controller makes an operating oil 
pressure, after the reshift command, for a dis- 
engagement side friction element to be disen- 
40 gaged in said reshift, equal to a value of an oil 

pressure to be given in a manner of time series 
if the jump shift to the gear ratio reached by said 
reshift is initiated simultaneously with the com- 
mand for said shift. 

45 

2. The reshift control apparatus as claimed in Claim 1 , 
wherein, in the case of a reshift performed by en- 
gagement changeover from an engagement side 
friction element in process of engagement in said 

50 shift to another engagement side friction element 
and disengagement of a specified disengagement 
side friction element, the shift controller performs 
engagement of the friction element to be engaged 
in the engagement changeover and disengagement 

55 of the specified disengagement side friction ele- 
ment from respective initial states after the reshift 
command. 
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The reshift control apparatus as claimed in Claim 1 , 
wherein the shift controller is configured to permit 
said reshift until an earlier one of a timing at which 5. 
the shift controller detects that the engagement side 
friction element to be engaged in said shift termi- 5 
nates a loss stroke and starts to have an engage- 
ment capacity, and a timing at which an inertia 
phase starts so that an effective gear ratio repre- 
sented by a transmission input and output speed 
ratio starts to vary from a bef ore-shift gear ratio to- io 
ward an after-shift gear ratio. 

A reshift control apparatus for an automatic trans- 
mission comprising a friction element group of fric- 
tion engaging elements to be selectively engaged is 
and disengaged to select one of gear ratios, the 6. 
reshift control apparatus comprising a shift control- 
ler configured: 

to govern a first shift operation to achieve a first 
shift to an after-first-shift gear ratio by setting a 
first shift target engagement pressure to en- 
gage a first shift engagement side element 
which is one element of the friction element 
group to be engaged for the first shift, and a 
second shift operation to achieve a second shift 
to an after-second-shift gear ratio different from 
the after-first-shift gear ratio by setting a sec- 
ond shift target engagement pressure to en- 
gage a second shift engagement side element 
which is one element of the friction element 
group to be engaged for the second shift and a 
second shift target disengagement pressure to 
disengage a second shift disengagement side 
element which is one element of the friction el- 
ement group to be disengaged for the second 
shift; 

to allow a reshift to initiate the second shift op- 
eration during the first shift operation initiated 
in response to a first shift command when a 
reshift request for the second shift is produced 
at a time of the first shift operation; 
to make an actual fluid pressure for the second 
shift engagement side element afterthe time of 
the reshift command, equal to the second shift 
target engagement pressure varied with time 
from an intermediate state reached if the sec- 
ond shift operation were initiated at the time of 
the first shift command in the case of the sec- 
ond shift engagement side element being the 
same as the first shift engagement side ele- 
ment; and 

to make an actual fluid pressure for the second 1 0, 
shift disengagement side element after the time 
of the reshift command, equal to the second 
. shift target disengagement pressure varied 
with time from an intermediate state reached if 
the second shift operation were initiated at the 



time of the first shift command. 
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The reshift control apparatus as claimed in Claim 4 
wherein the shift controller is configured to govern 
the first shift operation by setting the first shift target 
engagement pressure to engage the first shift en- 
gagement side element, and by setting a first shift 
target disengagement pressure to disengage a first 
shift disengagement side element which is one el- 
ement of the friction element group to be disen- 
gaged forthefirst shift; and to change an actual fluid 
pressure for the first shift disengagement side ele- 
ment to a level for full engagement in response to 
the reshift command. 

The reshift control apparatus as claimed in Claim 4 
wherein, when the second shift engagement side 
element is not the same as the first shift engage- 
ment side element, the shift controller performs the 
engagement of the second shift engagement side 
element from an initial state and perform the disen- 
gagement of the second shift disengagement side 
element from an initial state in response to the 
reshift command. 

The reshift control apparatus as claimed in Claim 6 
wherein the shift controller is configured to examine 
whether the second shift engagement side element 
for the second shift indicated by the reshift com- 
mand is the same as the first shift engagement side 
element, and the shift controller performs a reshift 
operation in a first reshift mode to initiate the second 
shift operation from an intermediate state when the 
second shift engagement side element is the same 
as the first shift engagement side element and in a 
second reshift mode to initiate the second shift op- 
eration from an initial state when the second shift 
engagement side element is not the same as the 
first shift engagement side element. 

The reshift control apparatus as claimed in Claim 4, 
wherein the shift controller is configured to inhibit 
the reshift to initiate the second shift operation dur- 
ing the first shift operation if the reshift request is 
produced in a second stage of the first shift opera- 
tion after the first stage of the first shift operation. 

The reshift control apparatus as claimed in Claim B, 
wherein the shift controller inhibits the reshift after 
an end of a loss stroke in the first shift engagement 
side element is detected. 

The reshift control apparatus as claimed in Claim 9, 
wherein the shift controller inhibits the reshift after 
a start of an inertia phase in which the effective gear 
ratio in the form of a transmission input and output 
speed ratio varies from a bef ore-shift ratio to the af- 
ter first-shift gear ratio. 
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1 1 . The reshift control apparatus as claimed in Claim 9, 
wherein the reshift control apparatus further com- 
prises an oil pressure sensing device to sense the 
end of the loss stroke in the first shift engagement 
side element by sensing the fluid pressure for the 
first shift engagement side element. 

12. The reshift control apparatus as claimed in Claim 4, 
wherein the shift controller is configured to delay a 
reshift operation if the reshift request is produced in 
a reshift inhibit stage of the first shift operation until 
an elapse of a delay time from an end of the first 
shift operation, and to decrease the delay time with 
increase in a measured time from the instant of the 
reshift request to the instant of an inertia phase end 
at which an effective gear ratio expressed as a 
transmission input and output speed ratio reaches 
the after-first-shift gear ratio. 

13. The reshift control apparatus as claimed in Claim 
12, wherein the shift controller allows the reshift op- 
eration with no delay when the reshift request is pro- 
duced before the start of the inertia phase and the 
start of a torque phase. 

14. The reshift control apparatus as claimed in Claim 

12, wherein the delay time is positive when the 
measured time is in a shorter region and negative 
when the measured time is in a longer region, and 
the shift controller initiates the reshift operation be- 
fore the end of the first shift operation when the de- 
lay time is negative. 

15. The reshift control apparatus as claimed in Claim 

13, wherein the shift controller regards, as the end 
of the first shift operation, the elapse of a predeter- 
mined time from the end of the inertia phase. 

16. A reshift control system for a vehicle, comprising: 

an automatic transmission comprising a gear 
train and a friction element group to determine 
a torque path in the gear train, to select one of 
gear ratios; 

a condition sensor to sense an operating con- 
dition of the vehicle; and 
a shift controller to govern a first shift operation 
in the automatic transmission from a before- 
shift gear ratio to an after-first-shift gear ratio, 
and a second shift operation in the automatic 
transmission from the bef ore-shift gear ratio to 
an after-second-shift gear ratio, 
to produce a reshift command to command the 
second shift operation during the first shift op- 
eration in accordance with the operating condi- 
tion; and 

to perform a reshift operation in response to the 
reshift command by terminating the first shift 



operation at an intermediate state without com- 
pleting the first shift operation, and instead ini- 
tiating the second shift operation from an inter- 
mediate state. 

17. The reshift control system as claimed in Claim 16, 
wherein the shift controller performs the reshift op- 
eration in a first reshift mode by terminating the first 
shift operation at the intermediate state without 
completing the first shift operation, and instead ini- 
tiating the second shift operation from the interme- 
diate state when a friction engagement element to 
be engaged in the first shift operation is to be en- 
gaged continuously in the second shift operation, 
and in a second reshift mode by terminating the first 
shift operation at the intermediate state without 
completing the first shift operation, and instead ini- 
tiating the second shift operation from an initial state 
when the friction engagement element to be en- 
gaged in the first shift operation is not to be engaged 
in the second shift operation 

18. The reshift control system as claimed in Claim 17, 
wherein the shift controller is configured to start an 
inhibit period when at least one of an inertia phase 
and a torque phase is started and to inhibit the 
reshift operation until the end of the inhibition peri- 
od, the inertia phase being a phase in which an ef- 
fective gear ratio varies from a before-shift gear ra- 
tio to an after-shift gear ratio, and the torque phase 
being a phase in which a transmission output torque 
is out of a steady state. 

19. The reshift control system as claimed in Claim 17, 
wherein the shift controller is configured to govern 
the first shift operation by setting a predetermined 
first shift engagement pressure characteristic for 
determining a first shift engagement pressure as a 
function of an elapsed time from a start of the first 
shift operation and a predetermined first shift disen- 
gagement pressure characteristic for determining a 
first shift disengagement pressure as a function of 
the elapsed time from the start of the first shift op- 
eration, and to govern the second shift operation by 
setting a predetermined second shift engagement 
pressure characteristic for determining a second 
shift engagement pressure as a function of an 
elapsed time from a start of the second shift oper- 
ation and a predetermined second shift disengage- 
ment pressure characteristic for determining a sec- 
ond shift disengagement pressure as a function of 
the elapsed time from the start of the second shift 
operation; and the shift controller is configured to 
respond to the reshift command commanding the 
second shift during the first shift operation in the first 
reshift mode, 

by changing the first shift engagement pressure 
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from a pressure level determined by an elapsed 
time from the start of the first shift operation ac- 
cording to the first shift engagement pressure 
characteristic, to a pressure levei determined 
by the elapsed time from the start of the first s 
shift operation according to the second shift en- 
gagement pressure characteristic, and 
by changing the first shift disengagement pres- 
sure to a full engagement level for full engage- 
ment, and instead changing the second shift 10 
disengagement pressure from a full engage- 
ment level to a pressure level determined by 
the elapsed time from the start of the first shift 
operation, according to the second shift disen- 
gagement pressure characteristic. *^ 

20. The reshift control system as claimed in Claim 19, 
wherein the shift controller is configured to respond 
to the reshift command commanding the second 
shift during the first shift operation in the second 20 
reshift mode, by changing thefirst shift engagement 
pressure from a pressure level determined by an 
elapsed time from the start of the first shift operation 
according to the first shift engagement pressure 
characteristic, to a full disengagement pressure lev- 25 
el, and instead starting to vary the second shift en- 
gagement pressure from an initial state according 

to the second shift engagement pressure charac- 
teristic. 

30 

21 . A reshift control process for a vehicle equipped with 
an automatic transmission comprising a gear train 
and a friction element group to determine a torque 
path in the gear train, to select one of gear ratios, 

the reshift control process comprising: 35 

a step of producing a reshift command to com- 
mand a second shift operation in the automatic 
transmission from a before-shift gear ratio to an 
after-second-shift gear ratio during a first shift *o 
operation in the automatic transmission from 
the before-shift gear ratio to an after-first-shift 
gear ratio in accordance with an operating con- 
dition of the vehicle; and 

a step of performing a reshift operation in re- 45 
sponse to the reshift command by terminating 
the first shift operation at an intermediate state 
without completing the first shift operation, and 
instead initiating the second shift operation 
from an intermediate state. so 

22. A reshift control apparatus for an automatic trans- 
mission comprising a friction element group of fric- 
tion engagement elements to be selectively en- 
gaged and disengaged to select one of gear ratios, 55 
the reshift control apparatus comprising a shift con- 
troller configured: 



to produce a reshift request for a reshift to ini- 
tiate a second shift operation during a first shift 
operation; and 

to inhibit the reshift after an end of a loss stroke 
in a friction engagement element to be engaged 
in the first shift operation is detected. 

23. A reshift control apparatus for an automatic trans- 
mission comprising a friction element group of fric- 
tion engagement elements to be selectively en- 
gaged and disengaged to select one of gear ratios, 
the reshift control apparatus comprising a shift con- 
troller configured: 

to produce a reshift request for a reshift to ini- 
tiate a second shift operation during a first shift 
operation; and 

to delay a reshift operation if the reshift request 
is produced in a reshift inhibit stage of the first 
shift operation, until an elapse of a delay time 
from an end of the first shift operation; and 
to decrease the delay time with increase in a 
measured time from the instant of the reshift re- 
quest to the instant of an inertia phase end at 
which an effective gear ratio expressed as a 
transmission input and output speed ratio 
reaches a level of the after-first-shift gear ratio. 
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FIG.3 
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FIG.12 
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